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FOR CLOSE CONTROL 
9B ND ACCURATE MEASUREMENT 
[8] UF FLOW AND LIQUID LEVEL... 













ely on Taylor Instruments for practically all classes of 





rvice. This modern line, together with temperature and 






essure instruments, enables Taylor to give you complete 





control of continuous processes 


















VROM the complete Taylor line of such a complete range of adjustment 
‘ ; . ; ee ; P Flow and Liquid 
tandard and spectal-purpose in- that vou can fit the Taylor Control Level Antlcater 

ments you can quickly make a ler precisely into the operating chat 













tion for any rate-of-flow or liquid acteristics of any process and cope 
TT 1800 evel control job. And you can be sure with any changing conditions. 
the same accuracy, efficiency, dura- Let us give vou full information on 
ty and economy in operation that this modern line of Taylor Flow and 
mt expect. and obtain from Taylor Liquid Level Instruments. Send for 
femperature and Pressure Instru- the new 60-page book (Catalog 70J Indicating Flow 
ments, which shows and describes Indicating, and Liquid Level 
Controller 
Phese Taylor Flow and Liquid Level Integrating, Recording and Con rol 
Instruments have a record of proved ling types. fead how Vou Can unify 
ecess In both simple and complex your control system of continuous 
stallations. They contain the mod- processes with these Taylor Instru- le ( 
rn refinements and improvements ments. Especially if they are tied in 
necessary to meet the most exacting with Taylor Temperature and Pres- 
demands in measuring and regulating sure Control already in your plant. 
ontinuous processes, Kill out and send the coupon. That's 
1800 The heart of Taylor Controllers for the easiest thing todo. Also talk to the 
| 7 Rate-of-Flow or Liquid Level is the Taylor representative. Discuss with Recording Flow 
‘Universal Sensitivity Adjuster,” him how Taylor Instruments can help Fcc tj \ 
~_- hich assures Precision Control. This further in getting uniform products 
xclusive Tavlor development has at lowest possible operating costs. 














THE COUPON BRINGS FREE 60-PAGE CATALOG ON FLOW AND LIQUID LEVEL CONTROL 












Indicating Recording Controlling 








TEMPERATURE, PRESSURE and FLOW \ags 
INSTRUMENTS 











! 





INSTRUMENTS. The Magazine 


MEASUREMENT and CONTRO_ | 








CONTENTS +: APRIL 1937 


Front Cover: Refinery Instrumentation 


Shell Petroleum Corp 
! v Leeds & Northrup ¢ 
= 
[Theories ot Hardness 98 
Pal “ 
! Ss. R.W S 
Cathode-ray Tube Applications 103 
S( ineous indust ~ 


By R. R. Batel 


INSTRUMENTS’ READERS AT WORK SS 
No. 23 Phe Staff and Consultants of 


f;00d House Keeping Inst ite, New York 


NEW INSTRUMENTS 90 


INSTRUMENTATION FORUM. LOS 


Sorutlons ind GUISCUSSIONS | Pr yblem No } 


OTHER DEPARTMENTS, etc 


EDITORIAL COMMENT 


INSTRUMENTS’ BOOK SHEL! 10 
MANUFACTURERS’ NEW LITERATURI Insert 
ADVERTISERS’ INDEX 116 
BUYERS’ GUIDI AO 


INSTRUMENTS 


ge A4 Vol. 1 


RICHARD RIMBACH 


Managi: 


M. F. BEHAR 








EDITORIAT 


G. BERND 'I 
Tec hnische Hochsehule 


ADVISORY BO 


W. G. BROMBACHER 
National Bureau of S 


\. V. DeFORES|1 
Massachusetts Inst of ‘Te 


K. J. DeoJUHASZ 


Penns inia St 
PAUL B. FINDLEY 

Bell Telephone il 
JOHN L. HAUGHTON 


National Physical Laboratory, | 


H. L. HAZELTINI 


Sterling Varnish ¢ 


( A. HEILAND 


Colorado Scho 


GEORGE KEINATH 


ditor, Archiv fuer Technische 


um. & LINCOLN 
Consulting ] lectric ‘ I 


JOSEPH LYNCH, S.J 


Seismic Station, Fordham 1 
FOSTER D. SNELL 
THOMAS SPOONER 
Westinghouse Research [al 


S. R. WILLIAMS 
Amherst (¢ 








Published Monthly on the 15th 


Che Instruments Publishing Com} 


1117 Wolfendale Street Pittsbu i 
Branch offices 
Boston: James Condon, 6 Marlboro S 


New York: Edwin F. Ripley, 118 E. 28 

Chicago: R. Farnham, 201 Wells S 
\nnual Subscription: U. S. $2.00. A 
ountries $3.00 payable in advance 
by New York draft) 


Che Instruments Publishing Company 


Copyright 1937 


tered as second-class matter Januar 
1932, at the post office at Pittsburgh, 


inder the Act of March 3, 1879 


| 





¥ 


i 


a, 





NSTRUMENTS The Magazine of 
AEASUREMENT and CONTROL 











Pr. BEMAR 
T OR 





I 


$3 U & 


nnovalions: 


‘VManutacture rs’ New | iterature” 


ment o1 stiff-paper insert with 
rie Post-< ird requiring no post 
Yes. i me added cost in printing 
diae costs In postage, but it’s 
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xtra! Feminine invasion of Justru 


Well, 
ders at Work” Department has the 


not quite: this month's 


if dealing vith some of our 
readers, tm it lacks the chan 
ersonalities, because these ladies ce 
INsSIsSted " in lmpersonal, stri 
\ Wor report. Come to think of 
this i demureness 


‘ontimMuUuations: 


Hardness and Hardness Measure 


Dr. Williams critically reviews 
discusses old and new theories of 
Cimess, ith special reference to 
tion phenomen 
Cathode Oscillography.” Ralp 
cher describes a tew more interest 
( l IS ( I ma l ( 
ltl rte l s 


HE FRONT COVER 


IN TIME OF PEACE 


wo our April 1935 issue, under the above title, 
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| parted for once from the field of Instrumentat 
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deal with the problem 
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lemperature-controlled hot-rooms, watthour 


meters 


cially geared for short intervals, recording wattm: 
recording thermometers of electrical-resistance typ« 
brated to 14° F. accuracy and giving readings at 

bulbs and check point, e1 


Institute engineers to make accurate performanc« 


intervals from sixteen 
of refrigerators. Electric clocks operated by series 
register the total operating time of compressor mi 
fhove. 
the 
the resistance bulbs with the 


The 


recorder may be 


starting current of a motor. leads conne 


seen 


Left. The pH value of a 


being measured by 


soap solut 


a hy drogen ion 


co 


meter. 


Below. 


twenty 


This 


little washing machines in on 


launderometer, consistins 
used to check the color fastness to was 
of fabrics and the effect of soaps on vat 
fibres. 


In a hot room, a test set is being used to ch« 


1909 Grood ping 
t t 5 in med is lal yratory 
“\ MLS td IpPpirances uten 
soaps and « ners ares Ly per ed 
hing tests. In addition, thr 
cks the ela s of many 
Kinds products when thes Tlouse eping to win the Institute’s is both a technical and a ‘pract 
ne a dvertising in Good Seal of Approval. Many of them de ippraisal of design, construct 
/ wa -Tt is singly clare that here is an instit mn operating efficiency, safety, con 
: ecking text fae: aad Where they can get absolutely im lence of use in short, of a prod 
\ 6 nkag color fastnes oO partial checks on their own tes fitness to live up to its claims and 
: echt ‘nd ~washine ind service findings Its job well in the hands of its 
\ ven \ | Ss tes n SCTVI¢ Iw ’ broad ( Isses Ol ests i! mate user 
id ted »p irily for MSUMETS ynd d by the Institute perform Che Director and her asso¢ 
» ft ntity satistactory in ests by ngineers or chemists: declined to be “written up ) 
i s. Manufacturers do not pa nad home ist tests bv home illv but gave us, in lieu of biogray 
ve t products tested, nor at momists under actual home work cal notes, this caretul selection ot 
requir d to advertis n G / x” conditions. T combined result work photographs. 


4 














[esting the thermal ef- a \ Pe ae 
Chou 4 « 1 
of an electric smoothing 


lorimet f special >= bedded thermocouple, — the 
rl alorimeter of spect 
— sole-plate temperatures of an 












electric iron are being taken 


while the iron is in use. 


tere my aaa 





z ® a ~ 
Seats - ne Liste sew, 





{hove. A high- 






voltage test set of 
1500-volt range 






used for insula- 






tion breakdown 







tests of electrical- 
ly operated house- 






hold appliances. 































In 


of ultra-violet rays is used to check 


Chis bursting strength machine Below. this fadeometer the action 
ised as one check of the service- 


° . - + 
lity claims of knitted fabrics. 


claims of color fastness to light of 


fabrics, wallpapers and paints. 


\ breaking strength 
ichine similarly checks serv- 
claims of 


ceability woven 


brics. 


Both the bursting strength 
ind breaking strength testing 





machines are also used in 
checking the effect of soap 
solutions on fabric fibres after 





repeated washings in the 
1underometer shown on the 
left-hand page immediately 


opposite. 











fuel 


determined by a portable gas meter. and the performance 


fhove. This gas range is having tts consumption 


of its oven regulator checked by a potentiometer 


Left. Temperature readings of an oven are being take 


the course of a standardized baking test. 
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® FOUR STOCK SIZES 
@ SEVENTY-SIX RATINGS 
® ALSO “SPECIAL” TYPES 


When you need to regulate elec- 
tric current in small steps over 
1 wide range—use Jagabi Rheo- 
stats ... see for yourself why 
for so many years they have 
been preferred by research men 
id engineers everywhere 

why they are first choice always 
ot men who place quality above 
price, 

Let us show why these strong, 
rugged, easy-to-manipulate 
Rheostats will give you the 
maximum in fine adjustment 
and positive current control 


Ask for Catalog 1370-I 


JAMES G. BIDDLE CO. 


ELECTRICAL AND 


SCIENTIFIC INSTRUMENTS 
1211-13 ARCH ST. PHILADELPHIA, PA. 











NEW INSTRUMENT: 


In this department we strive to report each month ALL the new 
for measurement, inspection, testing, metering and automatic con} 
the form of concise technical descriptions. 

When writing to manufacturers directly, please mention this departn 
your source of information. 


Or write to Information Section, Instruments Publishing Company. 








Brightness Meter Crystal Vibration Pick 


ra plovin thre 13 elite case of the Sufficiently sensitive to pick 
footcanadle meter hich it supersedes, brations from the escapement 
ina velghing Zio lhys., the Luckiesh itch, vet sufficiently ruvvec 
favior brightness Meter ha heen ce stand ibrations up to 1/16 
eloped to cover a ide range of bright Ihe Model 156 Suneo Inerti | 
eS hile meeting thre need tor { Vibr ition Pick up employs 
an ble mstrument ot high i¢ ervstal mounted inside thre thu 
CUP Phi ensitivity of the eve set nd having no direct mechanic 
( ( 1 ot rightnessc¢ hich tron ith the prod. When the ¢« 
. elehs ony 1 OZ.) ibr tes, thre 
flex tT ats owl mnertl 
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ormal Rate Tachometer 
of indicating rp. over \ 
e range (and hence with a lov 
of precision ) this entirely new 
hand tachometer indicates de 


parture from nor 


A mal speed over 
ay sciule graduated 
1 from 90% to LLOG% 
in 0.50 divisions 
se | ind readable — by 
ts 4A ; : 
2 a estimation to 0.1%, 


when normal speed 


| bl, 1.¢ to l r.p).mn 
FP 00% 


| . IS LO,O00 r. p.m 
WJ Thus, “Standco 
| at Normal Rate Tach 
°e ] ometer” may hye 
} termed a percent 
* Y ee limit tachometer 


Pome Its) principal ap 
WE plications being in 
electrical engineer 

e first two models announced are 
weds related respectively to (1 
nd 50-evele s\ stems, and (2) 50 
60-evele svstems. Each model has 
nges. “No, 500° is) for normal 

ot 750- LOOO- L5O0-B000- 4500-001 

: “No. SOL American Model” is for 
speeds of LOOO-1L500-8000 1200 
3000 rp.m Gear attachments, how 
vermit obtaining 22 different nor 
peeds with the No. 500 and 382 with 
No. 50] Net welght LpPpronr l Ib 
ished with accessories In Case meas 


pprox. | Gl, 37 Iles 


Portable Meter Torque Tester 
Ni portable torque testing device has 
designed for measuring cluteh and 
nd pointer ftrietion on Iypes RW 


nd DR demand registers Means ire 
ied in hese registers for making 
tient ind the nes device facili 
meiking these djustments. Its es 


element i t\ calibrated = spiral 


inner turn of which can be ro 





ted by a shaft provided with an ad 
‘tinent knob carrying an index, outer 
d operating (a) a finger ipplied to the 
ister maximum demand pointer or the 

finger and (b) a dial eraduated in 
ntimeter-grams Demand. registers, 


en removed from the meter, can be 


ad by placing them in the torque 
r mounted on its supporting st ind 
ao nd registers installed on meters can 
( ested by new device removed from 


tand. \ similar tester for testine 
e RW-2 demand registers can also be 


plied Westinghouse leetrie & Mira 
Rast Pittsburgh. Pa 


Gas Calorimeter 


Lo provide smaller gas plants with an 


economical means of measuring the calo 


rific value of the gas they produce, maker 


I 


has designed \ junior model calorimete r, 


the “Thermeter”” with overall dimen 
sions 21 23 17 It consists of (1 

tank unit or calorimeter where heating 
effect of the was is measured, and (2) 
recording instrument for translating the 
heat measurement into B.t.u's per unit 
quantity of vas independent of variation 


in temperature, pressure, and humidity 





Heating value is determined by ae 
ing the heat from combustion of test 
to a mixture Consisting of excess air and 


products of combustion, and then me 


uring temperature rise ot rointure 
Streams of test gas and air are supplied 
to the burner in fixed) volumetric pro 
portions by metering devices geared 

vether and driven by a motor. Proper 
tions are fixed at the scare temperature, 
pressure, mad lrumidity Phermeter re 


cording unit is a dl. & N round-form selt 
bal incing potentiometer recorder with 


special measuring circuit, SUPP TESssé 1 
zero type, indicating only ictive range 
from 800 to 600 B.t.acs, and recording i 
mm 2beh aa dinimeter charts Clultle 
Hammer, 1 nr o& St. Paw lis 


Viliecoukee, Wi 


Rotating-cam Switches 


Nev ( R33 1hie¢ ot rotating-can 
Li ] designed eCSPect V tor butt 
Col pplications bi t non-buil 
il pprications, the ce VICES re iveiblirble 
ihout the fl nves used for flush-miount 
ihe me HWne COMPpPLrIses number of 
Le rical nd mechani moditic thor 
I O SIZES re 1\ Lisatyle Size () itty 
rated rated 15 mps. continuous nad 
size 1, rated 25 mps. contir 7 heat] 
for 60) s Css Speci ‘ 
quences, ind Tormis it! , ( 
tacts, re tilab| ( { 
( Neheme / \ } 











‘SYSTEM 


CONTROL 


The Mark of 
Effective Control 











Process Control for sensitive, stable 
automatic control of temperature. 
pressure, liquid level flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ine. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
larger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
euiding boiler operators, Described 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft. pressure, tem- 
perature and speed 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination: in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 
cating, recording and 
integrating the flow of 
steam. water, sewage, 
air. gas and other fluids. Bulletins 


No. 39 and (0), 


Recorders for pressure, temper- 
ature, drafts. liquid level and othe 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 


ENSTRUMENTS 
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COCTIRANE 
s a 4 

FLOW METERS 


fecurate— Sensitive — Rugged 


Adaptable to industrial service wherever the tiow of 


tean water or other liquids or gases is involved 

ychrane Flow Meters are sturdily built and extremely 
tive to variations in flow 

Recorders of both the Electric and the Mechanical 

dels are guaranteed accurate within one-half of one 
ent of absolute under full load 

Cochrane Electric Flow Meters operate on the super 

urate galvanometer null principle. They may be in 

talled at any distance from the pipe line, facilitating 


tral panel grouping 


COCHRANE CORPORATION 


+h Stree 


Ph ad phia Pa 


7 








INNOUNCING 
Continental’s 
MERGURY RECTIFIER 


New! Different! 
Be lle r! 


Filament 
Voltage 
2 volts 2000 Hour 
Filament Guarantee 
Current 
13 volts 
Output 


Amperes 





operat on onger ife tne 2 RA 6 of 
' f 


bulb performance and efficiency 


u i F all MR 
CONTINENTAL ELECTRIC CO. 
Geneva, 2, Illinois 
PHOTOCELLS VACUUM GAUGES 
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Production Timer 











Miniature Panel Instrumen 


\ new line of round and rect 
design miniature instruments, ce 
Ivpe 35, available in ace... de 
ind radio-frequency. types, inc ( 
neters, Hiliilammeters, Wie? 
Olfmeters, millivoltmeters, po 
mete na Olt-ohniumeters ko 
Irie str ind ! dio J pri 
ric I ri ‘ re me en 
ty ( fon ene t ! 
i t (1 ¢ 
CLIVE ed CS er 
n¢ fo \| ere 
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«inch A-c. Surface-mounting 
Switchboard Instruments 
6” square-case switchboard in 
ents are ivailable in a-c. volt 
rs, ammeters, wattmeters, polyphase 
meters, S\ nchroscopes, freque ney 
ers and power Factor meters. Watt 
rs have uniform seale electrodyna 
eter movements. Others employ I 
movement said to be a new devel 
ent in magnetic vane instruments re 
ing in scales which are nearly uni 
rm from 1/5 to full seale. Cases are 
steel, thus completely shielding move 
ts from influence” of stray fields 
Mounting is either front-of-board = or 
Ish All models are damped Ipprorn 
5%; all are equipped with external zero 
{juster insulated from electrical circuit 
instrument The Hickok Electrica 


ument Co ( leve land, Ohio. 


Automatic Moisture-content 


Control System 
‘Moist-o-graph” control system for in 
illation on slashers sizing cotton warp 
rns consists of (1) stainless-steel de 

ecting roll and insulated bracket, (2) 
er unit, 3) Moist-o eraph recorder, 

1) final control mechanism: a valve for 
team supply line or a variable-speed 
nit Yarn moisture is continuously 
easured at delivery end of slasher by 
easuring electrical resistance of yarn 
etween the back press roll and “detect 
roll,” both of which make dependable 
ntacts with varn. There is no electrical 
rd. Power unit and recorder are fur 
hed with dust proof die-cast aluminum 
es suitable for universal mounting and 
ch provided with a lock. .A-c. supply is 
equired for power unit Electrical con 
tions are made to detecting roll, re 
irrder and frame of = slasher Moist-o 
Graph is not iffected by variations in 
ne voltage and it is s tid that successful 
eration is secured despite dust, vibra 


ion and excessively high humidities 





found in many mills. Recorder scale, 


calibrated from 407 to 10% regain for 


cotton, is mounted directly above record 


ing pen. Percent regain is recorded on a 
12” visible strip chart. Recorder is avail 
ible for either electric- or air ope rated 
‘control systems; a control valve may be 


used to regulate the steam supply, or 


suitable variable-speed) drive may be 
selected for the automatic control of 
speed. The moisture in cotton warp varns 


can, therefore, be easily controlled at 7% 


or So, regain tor perfect Wweavin 


Brown Instrument Ce \ 11 
lie Philadelphia. Pa 


Illuminated Weightograph 
\ new model of the “Weightograplh’ 
described in our March L981 issue, pave 


200-291, has been developed in which the 





fhwures ippear on in illuminated = di 


readable tron ICTOSS room nad fron 


Conveyor Scales and Remote 


Recording Features 

Continuous weighing of wet or dry 
material, flowing at as low rate as 1 
Ib. /ft. or in greatest quantities met witl 
in industrial applications, is accomplished 
by i deflection ope rated positive-action 
integrating mechanism in dust-proot 
Case located ibove COnVeVaT belt ind I! 
no was interfering with manufacturing 
routine Svstemb permits remote imumsta 
lation of various types of instruments 
Thus, the installation of hich illustra 


tion shows only the weighing mechanism 


COMMPTIses uso oa three-pen eteetric. tive 
recorder (Bristol Co.) 250 ft. from the 
scale ind i five-dial tonnage reviste! 

likewise remotely located Kau ! 
Vorse & ¢ WH) Ne Wahasl li ( 
sao. I 











REMOTE 
INDICATION 


and 


CONTROL 





... ¢8 usually a job 


for AUTOSYN 
SELF-SYNCHRONIZING 


MOTORS! 


‘TYP! 1 AUTOSYN MOTOR is 

1 reasonably priced self-syn 
chronizing motor with = superior 
performance characterisucs One 
transmitter may Operate as many as 
six receivers. Practically any system 
of remote indication or control may 
be solved by the selection of the 


proper type of Autosyn Motors 


FEATURES: 

1. Conventional Motor mout g 
changeable with mos and 5 
synchronizing motor ements 
Approximate accuracy: Two degrees 
Maximum torque 1.8 inch 


4. Safe continuous ¢ 


inch ounces 

5. Brushes carry n curren 
synchronism 

( Enclosed inertia lampert 
oscillation to maximum otf 
ind is adjustable ¢ sult 
Dimensions 5/8 ‘ 

&8. Weg 5 lbs I z 

), Low nt « 
p IS¢ 


BENDIX MARINE 

PRODUCTS CO.., Inc. 

: 738 sieania tials 
Brooklyn, N.Y. 

















Saat 


MOISTURE 
Content by Drying 


\\ 


Harry W. Dietert Co. 


9330 Roselawn Avenue 


Detroit, Michigan 
g 











SIMULTANEOUS OBSERVATION 
ALLOWS TRUE COMPARISON WITH 
THE DU MONT TYPE 150 


ELECTRONIC SWITCH 





ALLEN B. DU MONT Laboratories, Inc. 


\ y 1 Upper Montclair, N. J 





Filter Attachment for 


Direct-reading Anemometer 


lt ‘Bovle Velometer SCE lustru 


July 1935, ve LOL), air stream 
Ing it u mnstrument its ine 
1der 1 res nit pring na 
! y svster | ernil e of this 
( ele l (1¢ ith mramnary 
enet 1 filter ch 
‘ et roug hich can 
( l ! l ) ( tilve Ube 
0 ( et Set / apie Dec 
5) vere $4.3 Ay 1936, vibe 174 
( P ling Te) ‘ CITN rane na re 
er S | St rurive r ye caled ton 
( t Ing it el i iche¢ 1 
erslo ‘ l furnished when it is 
to be used both it] nd without filter 


/ e Testa L atories T 


Standardized Sieve-shaking 
Tester for Cements, etc. 


\ ney model -s na Shak” 


testing tine mat 


testing SIEVE 


shaker, Tor erials, Is pro 







ided it simplified hold-down device 
hich permits the sieves to be quickly 
put in place and removed, re 
irdiess of number of sreves 


sed. Combined 


eciprocating 


f 


Pe 
al, 


turning mo 
oft this 

Ker Carries 
] ] 


nethods em 


ed ind rec 


" 


LLL 


nmended by 


ve 


\ 


\ 


te, revolving the sieves approx. Lo rp.m 
No strenuous motior Is pplied to. the 
reve SETEIPDEN lvht tap at the end of 
( stroke by the free hand. This allows 
‘ te | ver sieve cloth Keeping 

l const t contact nd Ivin it every 


iperture 


‘ r Crd 
| Yi 1 ‘ eve 
ilized Sul ‘ I 
t ] a ( ri 
( rucre 3 ! 
{ icle nd 
rt ‘ 1eVe from 1 ( I 
l © i i 
l ( ’ thro 14 ( Cire 
nd-Sl| nachine I 1d te 
lor " | a jtile Ne 
CCl} ( ll i directio Cl 
The ( ! Ve Ist ‘ 
ed ( n. dope t¢ 
merged 1 A tine it 
lly ! s period of test \I 
lesigvgned tor S diameter te l 
old miber I 1CV¢ I ! 
elel 145 Tt including motor 
matic tine itch, is 82” higl \ 
rd »p. motor is used: LL 
volt 60-evele supply; L750 rpm. S 
motor equipment if desired \ 


Improved Davey Portabk 
Balancing Equipment 

s¢ Cl il 

The Duarve 


ment ire 


Huprovements mn the ce 
Portable Balancing | 
inhnounced lfustration 


complete equipment for power 





This is Suitable for the balanei ro oft 


turbines and also for auxiliary mine 


such is. fans, exhausters, pump 
motors In iddition, photowraplhric 
two-direction” Vibrometer 
ibles records of turbing bration 
made periodically, which ofter 
discovering trouble before the 
sCTLOU Vlodel-Sv Vibrometer, 
neasures In o directions simu 
na oO madicates ive for ee 
uments \ue 1932, page 193 
hown t right of illustration; 
“single direction” Model-l Vibrom 
tie n in foreground center Phe 
Vibrometer may be sed i 
DLTy Vode! 
thre neon tubes is shown 2t ett 
Bre INC T Ll 
n ceupied 


Motor Unit. This svt 


ous motor unit is a new feature used 


3 Stroboscopic Lemp 


eft foreground, the 
phase adjuster is sho { 


SVnAchronous 


balancing 60-evele machines) runni 
3600, 1800 or L200 rep.m. By its 


o couple breaketl 


ind the motor 


| ) j , 
breaker he id may be placed at a 


Is unnMnecessary 


shaft of the machine: 


most convenient to operator i 


chines running at other speeds, bre 


head is lriven from end of. shatt 
tachometer point. Where maximun 
ibility Is required, iba 
with single neon lamp is ay tilable 
Melee on (‘s porat ] 


Veu Ve City 














Photoelectrically Balanced 


Recording Potentiometer 


ved form of the recorder tirst former: a incidentally: svnehronot 
in lustrument March 1934, capacitor motor and recording solenoid 
Ss, is) being introduced is the Kach relav shunts its own coil on closing, 
Original instrument had so that current through its coil is. in 
, i 7 
svnehronized shutters and ele mediately reduced to a value near open 
serving to detect direction ing current. Operating and releasing tin 
ight reflected from: a mir of each relay is controlled by these shunt 
ometer toward photocell resistors nd shunting capacitors 
ent has been eiminated together shown. Grid circuit of amplifving tube 
three relavs and an electro includes capacitor and resistor hi 
brake, leaving but two relays furnish “trie delay re ict 
rsing motor in this circuit; but Relay 1 can close quickly and. rel 
nee ind high-sensitivity — re cannot: id relay 2 can oper quick ( 
nometer is retained. Fund relay ol eann under conditio ‘ 
roblem of stopping moving vith { iv Dean SW ‘ a 
! the edve. oft 1 photocell ICTOSS ‘ p lin edve” | 
enden¢ to oscillate or “hunt,” phototube 
thi }) | I pT ‘STON } 
l peed ind precision, | Cal nometer is trapped i 
ed by l ipplving in sedveane /; : 
d i norm positior l relav Lb closes ( 
to the ¢ vanometer while it i ' Bom . : 
relay 2 ope CH in cle ed te 
( 2 1p electromagnet t re | 
. dency 0 ( it Ti eh Dean 
el tronic to separate potenti 
C4 | I “a deflected Vil thor 1 rile ( 
d electronic circuits, and Py _ : F 
aehect1or I TT l r ( 
tio t far edu of dead zone | 
} 1 Lhe Pile mn) yt nel | 
ered by light-beam, bv delaving 1 
: ; MAKES il ISSID 1 ) Lise ‘ 1 
ot inpliher if the balance : : 
= 1 Gamiped v2 HOME TEeT l ing 
These improvements enable balan , : 
emf. Ino miultiple mnt recorder ) ( 
wh n accuracy. of 1 fey hun i 
99 ' : carriage 1 el Vinptoti \ CH 
ft one percent i iL speed cor I 
a e new pont Dead me, COrrespondi 
x to 45 sec for travel of thre of , f | | 
aehectlon oO eet eam required) to rad 
l( scale At higher speed . 
] | } e curre t from open ( rt 
‘ of balancing is proportionally } 
, . iv | oO ClOsSIng ue OF relaVv Z. 1 
a . A 
of width of light-bean controlli 
Power Circuit includes only edge, but i not btained ith critic 
ing motor and control contacts on re \ djustment iS re y differs j 
re \s lig 1) With both relay exceeding ssible chanye j ( 
closed, reversing mo erating currents. Sensitivity of nadsare 
es tor drives moving o inometer 1 uthcient for seale ‘ 
contacts of slide-wire vell below LQ) na ont i ( 
3 E potentiometer down is offset fron erth ENCE for end 
r=] a Scale, ind vice versa 1a rane Spec nometlet ( 
J a: ; i 
Se With relay 1 closed Vallable te rane t te Wit 
sy . ind relay 2 open, Rees ling df } u We 
“ ay ne motor stops When l Denar | ) rere 
Fig. 1 
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1] Fig. 3 
Potentiometer circuit ineludes a nickel normal point a sufticier engtl ft thrive 
for automatie reference junction solenoid (Fig. 3) is releasec \ nei 
pensation. Galvanometer is connected link then engages an eccentrh in 
ectly to slide-wire contacts in) order disk driven by the synehronou to 
Inake possible recording the standard Link is attached to commutatin it« 
rrent as in previous models. Extra con drive lever Movement of ite ( 
tions to relay contacts (Fig. 2) are lever results in single recording oper 
ed to apply the advancing emf. when tion. Once in every 192) records ite 
r the relays are both open or both substitutes the standard cell, forcing i 
ed. At the balance point, Connection strument to record ( ndare ! 
made to the correct point corre spond Interval Be een Reece fs varies fr 
to compensated zero. oft scale, i.¢ FS sec bet ee records ot ident 
len relav | is closed and relay 2 open temperatures to 50 see. averagit bye 
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Photoelectric circuit: (Fig. 3) includes tween 10 and 15 seconds in most case 
essentially: phototube, lamp, ampli Glenera Many features hardened 
ing tube, coils of hoth relavs, trans gold contacts, etc. ) described Marcel 








Anemometers 


In standard types will de- 
termine air movement 
minute, and in special 
types as low as fifteen 


feet per minute. 


! from seventy-five feet per 
: Can be used for either 
horizontal or vertical meas- 
urements. Designed espe- 
cially for air passing 
through or from ducts, 
flues, grilles, or fans. 


Two Types 
BIRAM—with 


linear feet convertible to ve 


readings ir 


locity by time division. 


DIRECT READING—on 


curate dials in feet per min 


ac 





ute, without need of tables or 


calculations. 


@ RUGGED 
@ RELIABLE 


PRICES FROM *23 


Write for Engineering B 


Julien P. Friez & Sons 


ite 


Subsidiary 


BALTIMORE, MARYLAND 


st 


»f Bendix Aviat 














x pe rience 


The Ex Organization offers 
you forty of the 
manufacture and application of Indus- 


»velhard 


years experience in 


trial Instruments. 


Gas Analysers—Pyrometers 
Milliammeters—Thermeocouples 
Resistance Thermometers 
Pyrometer Controllers 

Rare and Base Metal 
Thermocouple Protection Tubes 
Exhaust Gas Analysers 

lellite Panels for Automotive 
rest 


Qur Sales Engineers will be glad to 
consider your instrument problems 
and send you Bulletins covering any 
of the above equipment. There is no 


obligation on your part. 


ENGELHARD, INC, 


AVE. 


CHAS. 


i Nw. J. H. BR. 


VEeWARK, N.S 








There is no Substitute for 


“Red—Reading—Mercury” 


T fills all require- 
“a ments for an eas) 


reading thermometer. 





| 
(2@ its superiority has 
been proven by its 
demand. 


Gomme {((( 


When vou specify a 
PALMER Thermom 
eter with the RED 
column, you know 
vou will get a selected 
which vou can 
depend on. 


ao 


Sane. 


& 


tube, 


Industrial, Labora- 
' tory, A. Ss. kT. B., 
Pocket stvle_ ther- 
mometers all furnish- 
ed with the RED 
y column—No extra. 


Test this thermometer yourself 
Order one today 








Pocket 
Thermometer 


THE PALMER CO. 


Manufacturers 
2626 Clay St., Cincinnati, St. Bernard, Ohio 


Church St., Toronto, Can 


i i ! ractory ’ 
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Clay Washer 
determining the ¢ Vy content of 
lit ad, me No. 515 Clay Washet 
dt shing e A. 4 A. clay 
ce Tromp mold nd after sand 
bene vitated with maker's Rapid on 
Rotatin Sand Washer. Its specifications 
‘ Ni eight, 70 Ibs.: height, 24 
Heise 12 14 motors, LLO or 220 volt 
dc rr single phase a.c. Four samples 
maaay be ed one Tinie Wash bottles 
ith removable bottoms are furnished so 
the Cay-frec sand grains may be 
removed from ish bottles without filter 
Ine ind dried in oven Washer consists 
essentially of base receiving the four 
ish bottles: two supporting posts with 


table 


ind drive mechanism to 


ishing 


samples 
I 


iter oi 
mamta 
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research 
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rotate the four 

immersed in the sand 
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water temperature of 75 ir 


? 
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t ip w iter Tay be used 
ilities for control tests 
I] operate against water 
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Harry HW 


fve.. Detroit 
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Fuel Oil Meter 





lor gravity installati 
op is lower than bottom of s 
f i pump, and here 
t exceed 8S r.p.Ne, thi ( 
( integrating “Vest 
, eos 
i 
= a 
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w Att 
~ 
tf Quy 
ev 1 Hie Olumet ric ( 
fuel oils know) ; No a ae 
of Diese oils ithin icte 
nge. Unit of registrati 
m counter) Is. O.1 vnllon: 
ounter Veeder-Root revi 
IVOO 9 ind repeats. Connect 
S.)).1 Meter Is ot HDOSITIVE 
float ictuates inlet and outlet 
neasuring chamber, as well 
ter register. Height, 12”; weig 
Fluid Veters. Line (‘hia 
Vew York City 


turer's own 


Three-Angle Surface Plats 


\ surface made for on 


plate 


use has been found 


iS byease element for checkil 
chanical parts with dial indicator, 1 
scope, ind height gave that it 
fered as a standard product. ‘I 
face is 9 12 height, 3 The 
surtraces re scraped flat to | 
he three ingles are 90 within 
in He 12 ength. One of the 3 
Ca be used as a base ith ire 
lo torn in extremely ecul 

ole member or flat plate 
( mped » it to build up rig t 
mn iS 3 12 surface Ilu 
SHOWS | ( i SOTiM ICCeSSOTL 
croscope and its mounting arn 
Vie Ine mall parts; vee rests ne 
ers offer easy methods of issen 
irts to Ie checked Anothe r T¢ 
CONSISTS In regularly spaced 10-32 
in top and sides. These spaced 
centers permit clamping of fixture 
recessories to surtace Vico Lust 
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yund-chart Potentiometer 
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‘ recording 
chart form, known 
has been made available as a 
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er. miillivoltmeter and = milliam 
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It is said to ‘operate on an en 

different principle, which makes 

ible a number of very important ex 

ve features.” It is claimed to re 

ire no lubrication and to be unaffected 

iormal plant vibration. There is no 

winical motion except when a change 

Live measured value takes place; and 

trument can be used where the air is 

with dust, moisture, and cor 

e fumes.” Operating mechanism is 

up of five small replaceable units, 

te mt mechanical connections between 


vanometer unit and other units: is 
used in maker’s standard Model 40M 
se. Chart size is 12 The Bristol Co 


Audio Oscillator 
Ney port ible Model 1260 Audio Oscil 
tor generates a sine wave said to be 
ind free of distortion and har 
i Frequency 


monics. It is a-e. operated. 


nge of the instrument is 100-250-500 

POOO-3000-4000-5000-7500- 10,000 ey 
( Lhe signal furnished is  sutticiently 
trong to be used successfully in check 
Attenuation for the 


gain percentage is) said 


ey weak amplifiers 
heasurement of 
fo be extremely iccurate. 
tehing is variable. Circuit is the fa 
Metal case with 


linpedance 


millar feed-back type. 


wk wrinkle finish is 77. Or. 
! Panel Is silver ind black. The 
lrip ett Llectrical lustrume nt €'¢ R u f} 
f Ohi 














Hydraulic Controller for 
Machine Tools 


Ne\ “Series 


for machine tools is applicable 


CZ 1237" feed control 


panel t 
drilling, reaming, boring, turning, mill 
ing, and equi ilent machine tool cvecles; 
will provide in\ evele sequence, as made 


up of rapid advance, adjustable coarse 
feed, adjustable fine feed, and rapid re 
turn motions. Main internal control valve 
Is ictuated by one ot three Interco! 


nected means: manually by lever sho 





mechanically by trip) cams on movin 
platen or head contacting hie ru er 
rolle r shown, nd elec 1¢ lly by ene l 
ing solenoids separately mounted behind 
the unit. Starting of cevele into rapid a 
ince ! 
movement of control lever if panel 1 


convenient to oper itor’s station, or. re 
motely by push button or other elect 
contact means. Change from rapid 1d 


vance to feed is normally iccomplished 

by i cam or Cais contacting the plunges 

roller at desired points If two feed rate 

required, the first 
| 


cam usually depresses plunger to corr 


during the evele are 


spond with “coarse feed” valve position 
ind unother depresses to “fine feed” 
When only one teed 


rate Is required, other may be completely 


it the proper thrive 


disreg irded Should BB ipid traverse ty 
required between feeds, as in a juny 
feed evele, hinged hook cam can be 
provided for pulling valve plunger back 
out to “rapid idvance” position, ind an 
other conventional type cam employed 

gain. When end of torward 


limit switch or pres 


return it 


stroke is reached, 


sure switch must be actuated. This ene 


viZeS l solenoid causing main valve al 
panel to be shifted to “rapid return” 
position It dwell at end of feed stroke 
is desired for machining to ecurate 
limits against a solid stop, reversing linniit 
} 


switch or pressure switch starts an ele 


tric timer in the circuit which in turn 
energizes the reversing solenoid at end of 


\n auto 
matic stop action after the return stroke 


i predetermined dwell period 


is obtained by hook cam pulling plunger 


back to. the “stop” position Pump is 


then unloaded by ilowing oil to circulate 
it no pressure, continuing to operate at 
no load until succeeding evele is start 
Hydraulic circuit in the panel employs 


Vickers Feed Control Valve and “locked 


ed 


circuit” combination. Design is such that 
there are but two moving parts—miain 
control valve and feed compensator, both 
completely and positively pressure lubri 
cated by the oil in the system. All hy 
draulic operating equipment for a nor 
mal application is included in the one 
unit, except pump and pressure control 

Vickers. Ine 00 Oakman Blvd De 
troit, Mich. 


HIGHEST A 


_— ACCURACY 


SWITCHBOARD TYPE 


INSTRUMENTS 


A.C. AND D.C. ALL RANGES, ALL TYPES 


WITH 


SQUARE AND ROUND CASES 
4" TO 9” SIZES 


A. C. AMMETERS 
VOLTMETERS 
WATTMETERS 





FREQUENCY METERS 


In Six Different Sizes 


POLYPHASE WATTMETERS 
POWER FACTOR METERS 
SYNCHROSCOPES 


POWEAFACTOR METER 


o 


3 PHASE . BALA 





VERY LATEST DESIGNS 


lso portable precision testing equipn 
formers, shunts, multipliers, power 
etc All backed by thirty years expe 
in the manufacture of laboratory grade 
trical instruments 


SEND FOR CATALOGUES 


HICKOK 


Electrical Instrument Company 


10514 Dupont Ave Cleveland, Ohic 
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make 
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mdisturbed 


ts 


balls 


sackground. 


Ditfraction effec the appear as hexagonal 


llum nate d 


rhe 


ioe Os tt: 
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big. 24 (b). The five rows of balls have started to shear 


the others 





Fig. 24 (c). in 


arrived 


At the surface of slip the particles have 
at their largest spacings between the balls. 


set-up 


with (a) it will be seen that the volume of 


comparison 


combination has increased. The balls are nearer the top of 


frame in (c) than in (a). 
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Che balls are arranged in “normal piling” in the 


Underlyin 
In Hardnes 


By S. R. WILLIAMS 


Professor of Physics, Amherst College 


PENETRATION 


To answer the question, What penetrates what 


penetration method? one may say that it is the m 
of an aggregate of granulated granules into anothe; 
gregate of granulated granules. This process iny 


thre changing ol thie distance s and spacings be tweet 
atoms composing both the penetrator and the penetr 
The la 


tances and spacings between its atoms. This chang 


however, suffers the greater change in 


the spacings between the particles of the medium yx 


disks 
trated may in a crude way be illustrated by a mod 
the ; 24, 


represent the atoms in a cross-section of a 


i punch. Let steel balls shown in Fig. a 
and 
sheet of steel. The 
in diameter, placed in a wooden frame between two g 
24 the balls 
and undisturbed, whil and show successive 
of the 
hie 


immediately 


Cc 


model consists of 261 steel balls. 


Oo 
4 


shows normal 


Ly 


plates. Fi a in a 
(ec 
it 
penetrator drives ahead of itself thos: 
ot 
particles to sliding 
it bye 


change d. The 


} 
I 


tions AS is driven through 


penetrator, p. 


sheet. 


front it and finally t 


t 


ticles In st 
shearing ) 


that the 
model 


evlinder of the 
| As 
thre 


how 


pas 


does SO, seen Spaclil 


balls 
a punch works. ‘The 
i] 


0 it 


to 


ers. 


may 
is used | 
& 
ends of the rows of balls, id join 
as the 
For illustrating the 
thre 


wetween ire 


) 


four blocks. FA 


show 


and 4, shown at 
the 
thre 
the 


tration 


edges of the holes 


tive moving rows, serve 


of t 
ice S COMMposiIng 


method of 


blocks will be removed. 


jaws he punch behavio 


part medium on which the p 
measuring hardness is used, th 


| ; 


It 
symmetrical arrangement of t 
disturbed 


In dealing with these 


mav also be surmised tha 


; 


component parts ol 


itom is likewise in this process. 


past inter- and intra-atomic for 


let 
trator pushes into the 
that the 
away in 
penetration 


ball 


tration 


us see just how they come into play when the pen 
penetratee. It has always see 


ot 


Was 


illustration 51 
front of it 
method 
These 


scratch 


a snowplow pushing thi 


in many ways Similar to 


the 


re marks apply 


COT 
thre pt ! 


method 


Wwe dy * 
both to 


seratch 


produced by 
indenter. 
and methods, for the 
i penetration method. 

drift? 


otte rs 


instance, how hard snow The answ 


the it uli yr 


tration of a snow plow. On what does this desistance d 


| or IS 


lies at hand: resistance which to n 


pend? Upon four factors (see Fig. 25): 
Be In thre it be 
ingle & formed by the two wings of the snow plow 


As the 


must 


first place will some function ot 


} 


i 


») 


point goes into the snow, the ervstal pa 
be 


eryvstal particles apart, the greater will be the resistan 


torn apart. The harder it is to pull t 


ticles 


} 


to penetration of the snow plow. 


The movement of the snow plow forward into 
snow pushes crystal particles of the snow over on 


other. This gliding movement offers a frictional resi 


this 

By 
the 
the 


tance to penetration which may correctly be called 
internal the 
bk. 


the 


friction of material. 
Finally, the slide 


wings of the snow plow. If the 


the 


surtaces 


snow will over surfaces 


rus 


Are 
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‘onditions 
Aeasurements 


Fourth instalment of 
‘*Hardness and Hardness Measurements.” 


See page 1, Jan. 1937 issue. 


ugh it will not slide easily, and thus another factor 
ought into play to increase the resistance to pene 
m. A rusty plow for turning over soil also illustrates 
s fourth factor. 
One may put these various factors into a symbolic 
iation, Which could become an actual equation did we 
know all the factors involved. Thus the resistance to 
netration 
R / d) +f, (m,m./d"') +f flip 7s (pop 
vhere the subscripts of the fs correspond to the numbers 
tached to the factors on which R depends (see Fig. 25). 
It will be seen that the first and last factors on which 
© hardness 2 depends are really properties of the 
enetrator and not of the penetratee. It is the hardness 
if the latter in which we are interested. The seratch 
nethod, the steel ball and cone indenters, used in meas 
iring hardness, have these same factors involved. 
lo a physicist it always has seemed unfortunate to 
ry to measure a property of a substance which becomes 
so hopelessly involved with the physical properties of 
the measuring tool. It seems as though emphasis was not 
being laid in the proper place to go on trying to improve 
i method which continues to have these inherent difficul 
ties. Just to show the predicament in which a measure 
nent-minded worker finds himself, one needs only to 
illow the same snow plow to stand around a few days 
ind rust. when it will be found that the snow drift has 


increased its hardness! 


PENETRATION BY A SHEARING OR BY A PLASTIC 
DEFORMATION 

\s an analogous experiment, a test plate was used 
inder a steel ball indenter, first when the surface of the 
est plate was clean and dry, and again when oil coy 
red the surface. Some materials increased their hard 
ness, by as much as 40°, when oil covered their surface. 
No one imagines for a moment that the oil changed the 
irdness of the test plate. It was a difference due to the 
fourth factor in the above equation. Oiling the surface 
illowed the metal in the test plate to flow plastically 
inder the steel ball without breaking. Whereas, if the 
surfaces of the ball and of the test plate are clean and 


ivy, the St surfaces stick to each othe r and CAUSE the 


particles of the test plate to tear apart. Under these 
onditions, there is less elastic comeback on release of 
load than there is when the surface is not broken under 


the oil lubrication. An outstanding example of this is 


shown in soft rubber. The comeback after release of load 


tikes rubber appear to be almost infinitely hard, which, 
f course, we know is not true. 

It all amounts to saving that in all of the penetration 
nethods seratch or otherwise thre hardness as Weas 
red is going to depend upon whether the indentation is 
plastic or brittle deformation. 

Che Indian, by a trial and error method, understood 
this centuries ago when, by means of a bone tool, he 


ould chip the flint stone into an arrow head. He knew 
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Fig. 25. As the point of the plow pushes into the snow drift 
the crystals are pulled apart. This offers resistance to penetration 
[he sliding of the snow crystals over each other and over the 
surface of the plow offers frictional resistance. 


that he could disrupt the stone by a she irme stress 
| 


could never fashion the stone plastically with a soft t 
of bone. 
It would seem that there has not been enough of 


distinction made between hardness is Theas ired piast 


cally and that measured iwainst a shearing strain. It 

} 
well known that in Moh’s seale of hardness. it is easy 
for a beginner to make a soft stone seratch a harder on 


It is a repetition of the Indian scratching a harder sub 


stance with a softer one. He shears off a portion of 


harder substance by means of a softer tool 


If. in the equation for R (the resistance Oo penetra 


tion), one could eliminate factors | and & in meas { 
hardness, it is intere sting to note that the factor I int 


+} ] 


those involved in the elasticity of streteh at th vield 
point. Factor 2 deals with the te ining apart of the pa 
ticles which constitute the substance examined. Factor 3 
depends upon the way in which these particles slip over 
one another as they move, the internal frietion 
tween the particle s constituting the material nade st 
Both 2 and 3 are inherent in the material tested. Thi 
two factors are ] ist those which come into p W 
body. subjected to a pull, read hie S tire elast ( ! Lie 
the vield point is attained. In other words, could 
test De emploved In practice. thre Vit ld poin yr t 
sile stre neth would come more nearly to O 
of hardness as now understood than amy 
ot matter. | ISIS supported mas vu 
relations between Brinell numbers and_ t 
strengths of carbon and allov steels l 
y 
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Fig. 26. Relation between hardness and tensile strength 
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“ hig. 26 were derived are to be found in an in 
i piiet issued by thre Heppenstall Co. on 

Ke tfect f Alloving Elements and Physical Prope rties 
st n Forged Sections.” Such a property is inher 

t substam o be studied and not in the instru 
surements, In arriving at this point of view, 

t not forget that in doing so. the conclusion has 

iched a) issulning a the start that hardness is 


ado bv resistance to penetration, 


PRESENT-DAY METHODS FOR MEASURING 


SUITABILITY OF MATERIAI 


Although the author thus ippears crith il of indenta 
hods as a means of measuring what we call hard 
5. 3 me is more aware than he of the wide use and 
lay ility f our present-day hardness testers. For 
inufacturers, hardness tests offer a quick method for 
lying suitability of materials for a certain use or 
tintaining certain standards in the materials 

i 
| sistan to penetration rests upon the difficulty 
shing the granules, composing a body, to one side 
d getting them out of the way of the penetrator. 


ipon the inter-atomic and inter 
hold 


KNOW, 


tecular forces which these particles together in 


solid. So tar as we these are common forces 


id the overcoming of them is a measure of hardness 


Such considerations seem to make hardness cut across 
iterials composing solids and rest for the greater part 
pon the means whereby the forces holding these com 
m granules together can be varied 
| seems, therefore, that a basic study might be 

n d in which those physical properties which de 
d upon these same factors might be related to hard 
ss. It is conceivable that out of such a study might 
ne methods for arriving at values of hardness quite 

s simple as the present, and bearing more directly 

pon hardness than does the penetration method 


[he penetration and seratch methods include the ma 
Ol hardness testers on the market which employ 
H irdne ss 


ce pe nd upon the 


mica procedure. testers using the re 


principle elastic prope rties of 
The 


would hye 


body tested as a measure of its hardness. two 


ional forces given in the equation for R 
1} 


egligible in this latter method. It may be seen also why 


give hardness numbers which 


rebound principle may 
ite satisfactorily with other methods. Elastic prop 


’ 
s depend interatomic forces, adhesion and 


hich correspond to the 


upon the 


ohesion. W second factor mn the 


ve equation Any method of hardness testing is some 

“ e dependent upon the elastic properties of the body 
sted. It is this factor. doubtless, which makes correla 
mM possible The rebound method depends only on the 


] 
insient deformations for its re adings, while the scratch 
} 


nd indentation methods depe nd on permanent deforma 


Brinell hardness machine 


testing 


he point ot 


trator s a steel ball. Such a point ought to 
< third term in the equation important while a 
ke the Vickers might enhance the fourth term 
shape of the point of the penetrator will largely 
let n bor necessary to produce i given pene 
[his ins In using most of our present 
ng ro 
\ 


methods tor hardness testing, the hardness of 
will be a function of the shape of the nose of tl 


bod 


trator. Hardne ss should bye 
trated and not of the 


a prope rty of the 


penetrator. 
HONDAS 


According to Honda 


inte nsity of the maximum pressure applied to as 


rFHEORY OF HARDNESS 


“Hardness is measured 


which just produces yielding and admits of th 


tration of the body exerting the pressure.” B 
definition, Honda seems to say that the elasti 


point is the measure of hardness. With this defin 
mind, Honda proceeds to expound a mechanical] 
of the metals. It 


may be applied to other substances than meta 


hardness of is assumed that his 
hardness is a physical property common to all s 

Honda says: “‘It is first of all necessary to distir 
to the 
that due to the cry stalline 


the hardness due molecular attractive fore 
of the 


homogeneous; for s 


structure metal 


example, a solid solution is 


substance, the hardness must depend solely upor 
magnitude of the molecular force, and no other 


can be sought for. A substance having a stronger 


harder than that | 
therefore, |] 


of the hardness of solid solution is « 


i 
1 


cular attractive force must be 


a weaker molecular force. In this case, 
mann’s theory 
correct. If two metals are able to mix with each othe: 
all proportions, then the hardness of the alloy gener 
exceeds that of either of its components and this hard: 
has a maximum in an alloy containing an equal at 
quantity of the components. For, the fact of the n 
bility of two metals indicates that the molecular att 
the diff 


that in the case of the s 


tive force acting between molecules of 


metals is stronger than 


metal; and therefore, if the two metals form an al 


the mean molecular force must be greater than that 


the respective metals.”’ 


‘Next let us consider the hardness due to the crvyst 


line structure. a metal to consist of an imm 


number of acicular or needle shaped crystals, which 


Suppose 


imbedded in a homogeneous component or in a s 


solution and have their lengths all parallel to each oth 


The metal then very strongly resists the tension a¢ 


in the direction of the needle crystals. For, as is 
thoug 


+ 


known, a wire can resist a strong tension, 


bends by a small force acting perpe ndicularly 


length, and this analogy is quite sufficient to account 
the great resistance to the applied force above mentior 
If the direction of the axes of needle shaped crystal 


uniformly distributed in all directions, then the n 


must resist the tension or compression acting in any 


rection very strongly. For, a compression acting In 


rection will result in stretching certain fractions ot 


whole needle-crystals and therefore produce tensior 


these crystals. A good illustration will be found in 


case of the wheels of in which a ce 


1 


ber ot spoke s radiate from a common center 


] 
a bic bd | oi 


13) ] } 


circumference. It is well known that although the 5) 


are very thin, the wheel resists a great tension or 


pression acting In any direction in- the plane 


] 


wheel. Hence. if a metal contains five acicular or ne 


shaped crystals and their axes are uniformly distril 


] 4 . . 
in all directions, it can resist a large foree acting 


in anv direction, that is.the metal is hard. By this t] 


i metal is harder, as its structure is finer and the crvs 


ire ina highlv stretched state. A fine net-work str 


] } { 
ilso produces in a like manner a high degree of 
ness.” 


“The ibove | eory 





\ 














wing words: For a given substance having a definite 
ular foree, its hardness increases with the fineness 
the strained state of structure; and for the same 
ture and the same degree of strain, the hardness of 
stance increases with the strength of its molecular 

This theory, though it is very simple, explains 
observed facts quite satisfactorily. Thus the hard 
g of steels by quenching is the consequence of the 
luction of fine martensitic or acicular crystals ce 
ted together by solid solution. These tine crystals 
probably be found in a highly strained state by 

id cooling, like the tightened spokes of a bicvele 

el, and, therefore, the quenching produces the hard 

of the metal. The annealing of the quenched speci 

n will cause a union of these fine crystals, as well as 

relaxation of the specimen from the strain, and 
refore the hardness will diminish by annealing.” 
Che hardening by cold working or by overstraining 
ilso explained in a similar way. The process is anal 
gous to that of tightening the spokes of the wheels of 
bicyele to assure its solidness. Cold working or over- 
raining is to put these fine cry stals, cemented together 
solid solution, in a highly stretched state. This state 
orresponds obviously to the hard state of the substance. 
In this respect, my theory coincides with the interstrain 
heory; the latter theory, however, does not explain why 
the interstrain causes a greater hardness of the sub 
stance, but in my theory, the hardness is explained by 
well known mechanical property of the material. By 
innealing a specimen which underwent a cold working, 
the strained state of the minute crystals is lessened and 
herefore the hardness decreases.” 

This theory of Honda’s is a suggestive one and needs 
further study and consideration. For instance, Griffith* 
in a study of glass fibers reported a large increase in the 
tensile strength of the fibers as the diameter was de 
creased. Fibers with a diameter of 0.040 inches showed 
1 tensile strength of 25000 lbs. /in.*, while for fibers 
0.00012 in. in diameter he found a tensile strength of 
£92,000 lbs. in.~. Glass is an amorphous substance. On 
the basis of Honda’s theory, how is the intermolecular 
force increased? Does the drawing of the glass into fine 
fibers produce such surface tensions as to produce this 


increase in intermolecular forces? 


HOWE’S POINT OF VIEW 


While his book is older than some of the theories of 
hardness, Howe’s statement” may not be out of place at 
this point: 

“Hardening is usually due to martensitization, that is. 
to enabling the transformation to proceed to but not past 
the martensite stage, either (1) by cooling carbon steels 
rapidly from the austenite state, or (2) by the presence 
of such an intermediate proportion of the obstructing 
elements, carbon, nickel and manganese, as to cause the 
transformation to reach only this stage, even in slow 
cooling; or (3) by bringing it to this stage by subcooling 
old austentitie steel, e.g., in liquid air; or (4) by over 
straining austentitic steels by cold deformation, so as to 
stimulate the overdue change from the austentitic to the 
martensitic state. In addition to these four martenizing 
methods of hardening there are two others, which we 
may call (5) and (6). (5) is the hardening of aus 
tentitic steels by a regulated reheating, which gives 


erat : ; 
nobility enough to allow the transformation to go as 


far as the hard intermediate state. but not enoug 
let it reach the final ilpha state. This hardening dox 
not always cause martenization, (6) is the hardening « 
the malleable metals ind illoys In gwenme ral, Lamina ind 
alpha iron included, by plastic deformation. There is 
neither evidence or reason for believing that this usually 
acts through martensitization, except in the case rf 
gamma iron. 
SAUVEUR'S THEORY 
Sauveur also discusses” various theories of wl 


may at one time be soft and at another hard 


rIEMANN S$ REVIEW 


After discussing several theories of hard: ning. s y 
aS Osmond’s theory, the “carbon theory of hardening 
and the “carbo allotropic the ory, Viemann proceeds 
Classify the various theories under four distinct head 

1) “Carbon theories of hardening. 

2) “Stress theories of hardening. 

3) “Plastic deformation” and 

t) “Amorphous cement theory 
Osmond’s theory is sometimes known as the beta iron 


theory. Metallurgists are fairly well agreed that no suc 


form as beta iron exists, 7.e., not as a distinct allotropik 
form in which a change in atomic arrangement occurs 
This would rule Osmond’'s theory out of consideration 
At 903°C. pure iron exhibits discontinuities which are 


now known to correspond to atomic re arrangements of 


changes in space lattice. Alpha iron is a modification 
stable below 903°C. and has a bodvy-centered cubic il 
tice, while gamma iron Is stable above 903° (¢ ind has a 


face-centered cubic lattice. See Figs. 5 and 6 
The short review of hardness theories by ‘Tiemann 


leaves one with the feeling that the various theories of 


hardness overlap widely and are more or less confusing 
This is natural, no doubt. because of our ignorance con 


cerning the property of hardness 


SLIP THEORY OF HARDNESS 


The theory which seems most consistent with its: 


and has more experimental evidence presented it 


substantiation than others is the one advanced by Jef 
fries and Archer Chey have called it ‘The Slip Inter 
ference Theory of the Hardness of Metals Ot course 
the physicist looks at hardness as a general property of 
solids, whether metals or non-metals.) These meta 


lurgists start out by defining hardness as “resistances 
permanent deformation.” This is different from th 
definition that hardness is “resistance to penetration 
The latter will allow for the forces of friction between 


the atoms ot the body te sted and those of the penetrator 


if penetration methods are to be emploved n hardness 
testing. 

Permanent deformations may be characterized by 
point of vield in the stress-strain curve, as shown 
Fig. 27. To quote Jeffries and Archer, “Metals owe 
their resistance to deformation to the forces between t 
itoms. These forees are both attractive ind repuls 
Repulsive forces are manifested by the resistance 
metals to hydrostatic pressure by which tl 
forced closer together in all directions. Under lire 
tension the distances between atoms are increased 
direction of the load and decreased at right ang 











! | moor th secondary COIPresslve stresses 

nd nm I loading corre sponding tO a 

( frostat pressure, under which the inter 

vould bye nereased in all directions 

ipproach to this is in the change in volume 

neti ody when on ionetized., Any 

leformation of i metal INnVOIVES changes in 

tive wosSItIONS OF Ss rt hie itoms ind there 

I Any pPoOrarily it least ot some inter 

ymmdis l ! tur Of anv materia whether 

) wit t permanent deformation, also involves 

King of in ) ind intermolecular bonds 

vy il t possib resistance that a material can offer 

lel tion or rupture is the summation of ill the 

mds on a plane through the specimens 

stress, a summation which may, for con 

! ned thi ibsolute cohesion’ of the ma 

Actually, such a summation of forces 1s) never 

1. because rupture always takes place by degrees, 

reaking of atomic or molecular bonds is_ not 

ineous. The tensile strength of a material me rely 

‘ 1 naximum number of atomic bonds that 

nt lav Simultaneously during the test. Absolute 

‘ s 0 tals are far in excess of the values ob 
ned for tensile strength 

Metals are ervstalline and are built up of atoms ar 


finite patterns. The regularity 


to certain planes ol 
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weakness. or low 


) resistance to shearing stre 
in external load produces a shearing stress o1 
plane, which exceeds the resistance of th 
shear on that particular plane, fracture of the 


t ike 5 pi ice 
In this connection it will be found interestin 
Jotte’s book. “The Physics of Cry stals, 
ind in particular Chapters 3 and 4 Res 


Jetfries and Archer 


\. | 
1928, 


tat 


qutation trom 
Che tr 


each other. If they 


forme dl 


igments 
do not, the failure of the ¢ 
complete, and it is said to be brittle. The plane ot 


Mort 


known as a ‘cleavas 


ness 1s or plane. Penne 
the useful metals, the crystal fragments adhet 
merely olidk or slip over each othe rr The result 


1hh¢ isurable } 
ind the 


slip, repeated on many pl 
nent de 
of weakness are 

“The 
the beginning of plastic deformation and, therefor 
The 


Yene ral 


anes, 1S a 
formation. The crystal is ductile, 
called ‘slip planes 


first appreciable formation of slip planes 


passing of the elastic limit. resistance to pern 


deformation, which is a measure of hardnes 


strength, represents resistance to the beginning 


propagation of slip. Anything that serves to hinde 


The 


' ' ; 
strengthening of metals by any known methods 


is a source of strength and hardness. hardening 
conside red as due principally fo interference wits s 

One 
theory of hardness 


Re st arch ( 


known as” He 
Hardness ‘1 
Mec! il 


2ivel 


other theory is suggestive, 
In a report of the 
ommittee of the Institution of 


Engineers for 1929, a brief summary of it is 
“Hertzian Hardness. The 
be exemplified by considering two rounded 


W he n 


contact 


Hertz theory of hard 
may 
which just touch one another these are pr 
together, the 
definite 


is a plane and the other spherical, the 


original point of inert 


ist’s 
area, and when both bodies are spherical or 
+ 


contact ile 


i circle. From purely elastic considerations Hertz 


rived expressions for the stresses and strains at all pi 


in the two bodies, and hence for a known pressure 
from measurements of the contact circle, the maxi 
shear stress in the materials can be obtained. Van 
Investigators have shown that the Hertz inalysis 


Ipproximate agreement Ww ith « Xperime nta 
limits of the 


Accordingly, the mean 


measureme 


when the elastic materials are not ore 


xceeded norma] 


pressure 


from elas 


the contact area at the 
} 


first deviation 


it hardness whe 


i rational measure of 
: ; ' 
ind is detinitely related 


limits of the 


oe ike nas 


metals are In contact 


constants and elastic materials 


ise of the Hertz theory in hardness measurements 
been discussed in’ detail by Innes, and Es 

Pelteric has used the method for tests or hard: 
steel balls in contact. Untortunate Ly, the elastic lin 


materials is detinite., and 


most engineering 


ot thre 


not very 


neasurement small contact area is difficult, so 


+} 


] 
the method cannot br general test despt 


ised isa 


ration il basis.” 


Hertz’s theorv has also had an interesting conf 

’ 1 
tion m some work dont by opp! whio worked W 
crossed cvlinde rs Other theories will bye found in 


Lp pre ndix. 


rences Given in an 
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ithode-ray Oscillograph Applications 
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By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. 1., N. Y 


AUTOMOTIVE TESTS Detailed suggestions regarding se applications w 


Concluded not be given here. Reference to the symposium by s i 
; iuthors, on recent trends in) automotir comtor ig 
LANEOUS TESTS ON AUTOMOTIVE EQUIPMENT 
; : neering, in the October. 1936. Instru so IS suge | 
tutomotive design problems that are especially : 
é ‘ It mav be pointed out that inter-related vibration na 
to eathode-ray analvsis are: studies of bodv and ; - ; 
. oie ° : springing effects can b ! itive ly pared 
vibrations, crankshaft balance, stethoscope analy 
“i, ses by utilizing deflection in two directions, w 
sises, pressures and stresses in springs and shock afi 
Pecessarlv Dringime mm a ! Lie rT, xcept that w 
indicates the “phast between vibrations in tw 
Leceleration mstruments have by nN deset { d 
June. 1936, article. 
: a 
\n together different kind I nvestigation 
which cathode-rav tubes are us foun ( 


of acoustics. An example is shown in Kig. 7 v 
ones of. three tvpes of rutomobil rOorns are 7 
ind compared. Lhe st OSCLILOg TAN 


Radio Co.. were obtained using the test set » Shown 


rig ‘a l obtain ( ich ol these oscil mu ‘ ! 
time base was set oa i frequency q i| on 
the fundamental tone. so that each figure repres t “\ 


complete Cryer 


MISCELLANEOUS INDUSTRIAI 
APPLICATIONS 


rORSIONAL DISTORTION IN SHAFTS 


Lin tha preliminary design OL anv tvypy ot pot 
ind in many other fields. the measurement of Sit 
stresses and momentary changes in the angulat 
between separated portions of ‘ , 
; : : ' oe R rw Ce , 4 
comes an lmportan problem representative Oo 
studies, the measurement of strains in ony \ 
be considered. such strains being due to eith mad 
power variations, S veral methods are possibl 
ti lar tvp best S tited for any ext 1e'} nding 1) ) 
ise with which the accessories can be apy 
ictual Shaft without disturbing it or t condition nad 
] ; 
which it operates 
If the shaft is not so tinv tha invthing heay 
t chalk mark would introduce inertial eftec mma 
ends are both exposed, sinal svnachronous salternat 
~ ] ] ] 
a“ irh tye dit ctliv coupled to thre ped l ny i 
“ a ei ey ; 
+" ~ > i si parison of the oscilograms ol r generated po 
+ 9 : lyy thre please rotation method. In « in iscs il 1\ 
Io 
TYPE 7I4-A ) lesirable to connect thre tern 5S i ‘ ‘ 
M FIER oO 
> te aAsstmmng 4a balanced oO }) | each tl potent 
Fig. Pal TYPE 687-A ! 
¥ r ® + ] ] + ' 
ELECTRON OSCILLOGRAPH iit out ot pPlrase nd Neutra t ) WW 
shaft distortion is present If torsional strains 
, shatt to twist. thie ilternators a no longe) rf 
rbers, vertical acceleration (bouncing) under difter : 
} . phases ind a potential results 
roadbed conditions. tire pre SSUTES ind tire and spring “a : 
} Another method utilizes one yomore smal LUNI 
s. Converselv. some such device can be attached to , ; 
] ‘ ' +} flywheels which would rotate freely on im Shatt 
ixle to give an indication of the blow to the pave ; 
ee ; ' Nae Sea { + 7] 
Cs ysItion (or positions ) except Tol e Tae Ma 
ised by vehicl tv pes when making life studies 
; , ire coupled to the shaft bv driving arms, having 


+ 
general appearance of lathe dogs. A piezoe! 


. \ ae _ ling unit of the pressure type Is) mecorpo ited I 
( \ driving arm, and is connected through amplit 
: ) * () : | | deflection svstem of th cathode ray tut R 
re . changes between the speed of the flywl ] 
; he constant ind the shaft (which is as | 
\ 7 momentary variations in speed) show up 
c, ( ) 











1) . nal nsequet changes in the deflection ill 


plit \ ny nit onnected at one point along th 
‘ 1 mentary acceleration, and two 


indicate torsional dis 


‘ 1 Ss wil i to be calibrated experimentally 
. Dress Ol lisplaceme nt 
[ j t t ynnditions where torsional stresses are ex 
ted during ; : ee ; : 
ites during SUCCESSIVE revoLutions, i more 
, 
| rang nt inn be ippli d tha permits a pot 
I 
t i era C\ Che items attached to th 
- ' 
t ‘ st sit Is can usually bD nade small 
1] , 





Carbor 
. rb @ring 
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tga enn 
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v nts f some conductive material, athxed to the 


) pherv of the shaft. and in electrical contact with it 


Pwo brushes associated with these segments are mounted 
so that th two points of contact are in a plan passing 
t migh th ixis of tl shatt. Current ipplied to one of 
brushes enters the shaft during a particular inter 
lof each revolution and returns to the external circuit 
ot) Other brush Lhe pulses thereby resulting 
unplified through ao suitable umplifier ind their 
luration IS measureable on the osc illograph. The fre 
} \ f th nuilses depends of course upon tli speed 
shatt., and is of no great importance. The length 
pulse, however, depends upon whether the point 
f contac it one position has shifted angularly by rea 


son 0 shatt distortion. 


int over the whole revolution a 


ce, and anv method of meas 


ng puls luration can be used. If the distortion varies 


hroughout i revolution thie br sh holde rs t | 


Must re so 
nted hat thev can be rotated slowly rround = the 
shatt in synchronism with each other. so as to maintain 


contacting with no distor 


tion. Under test loads, however. at certain positions dur 


ing such revolution of the brushes. the duration 


pulse 
will appear to increase or decrease by reason of the 
orsional displacements. The horizontal deflection can be 


+} . ] ; 


either a linear time seale or a circular time scale varving 


inearly with the rotation of the pair of brushes 


POSITION INDI¢ ATORS” 


In m:anv fields of investigation the problem of trans 


int point an indication of the instantant 


I ( ’ 'e) rapt R R 


Stor OF 


INSTRI 
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carbon sheet for the rectangular rheostat. As shown 


} 


ous position ol i certaim mechanism has 
tered. In this 


+ 
stan 


bye en 





SEeTVICE i cathode-rav tube 


PIVES 


ineous, inertialess indication. ‘The 


method 
extended for service as a synchronous time bas 
the spot follows a circular or irregularly shaped 
iwccordaace with the movements of a master The 
irrangements, for reproducing a linear movement 
converting a rotary linear or 


movement into a 


been discussed in the May, 1936, instalment 
rheostat is so connected that 


defle: 


1] 
spot LOLLOW L ¢ire 


rotated by the master mechanism a linear 
In order to make the 


sults. 
the connections indicated in Fig. 1 can br ppl 


resistance element can be made ot two 


strips, with the ends joined at a-a, and 


thre sliders can rot ive continuously. ‘The two 
, 
irins, ¢ ind ¢., are insulated from each other at 


located 90 apart. 


If a d-e. potential 1S ipplied to the terminals ] 
iS Shown by 


battery connection arrangement 1, t] 


will deseribe i trace that is essentially a 


ime that the 


irms complete one revolution. If an 


ipplied tO t he Siiliie poimts a radial line ol 
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following up the motion of the rheostat arms 


motion in either of these cases does not exactly dup 


he master, however, but follows the relation: 

( col | 90 4 
where # and ¢ are the angular displacements of the 
ter ind the indi itor r¢ spective ly. The enve lope ot 


trace is a square. If the rheostat is made up of 


this dis 


a calibration curve is th 


i 
mitred carbon rods, also shown in Fig. 1, 
incy can be eliminated and 
fore unnecessary. The four sections of the resistance 
ment should have equal values 
Depending upon whether the applied deflection 
tentials are from an a-c. or a d-e. 
| 


either a line or a spot. In the for 


source, the 


screen 
dicat ion can be 


case, however, the indication is ambiguous as it point 


two directions. By connecting polarizing batteries 


} 
} 


series with the a-c. supply source, as shown in thi 


connection arrangement, the indication can be n 
unilateral 

In another application, the utilization of small t 
and three-phase Autosyn alternators as a means of 
trolling the deflection of cathode-rays will be descril 

The preceding remote indicator arrangements can 
extended to a two-dimensional indicator, such as a w 
ing or mapping device, by substituting a thin squ 


Fig. 2, a metal stvlus is used to replace the rotatir 











1f the rheostat. ‘wo sets of batteries, each having 

ntial sufficient to deflect the spot across the screen, 

mnected to the edges of this carbon plate through 

iber of resistors. These resistors should each have 

stance approximately the same as the edge-to-edge 
| 


11S plate should 


ince of the plate. The edges ot t 
copper red 
spot on the sereen will follow the movements of 


tvlus on the carbon plate, whether those movements 


ir or irregular, producing effects somewhat lik 
of the Telautograph. More than one receiving tubs 
applied to any ot the devices described above. 


application of the Telautograph principle has been 


nstrated using two linear potentiometers with 
sliders mechanically linked to the writing pen. On 


reatest advantages of these systems is the ability 


Oo 


} 


mmunicate instantly over a distance, quietly and 
uit leaving permanent records, so that secrecy is 
ed. 
{nother application of a cathode ray-tube as a posi 
indicator has been devised by Watson-Watt and 
nbridg@e-Hall.* A special tube is used, having an 
ide divided into sectors, each supplied with a separate 
1. If the jet is not deflected (due to any manner of 
tion potentials applied) it passes through the cen 
opening without striking any of the sectors. If, 
vever, it is diverted, striking one or more sectors, the 
rge collecting thereon is ipplied to amp lific rs. A 
irate amplifier is used for each sector, and their out 
ts actuate relavs whereby motors operate levers or 
irs sO arranged as to tilt the tube enough to cause the 
igain to strike the center of the screen. For example 
ssume that the earth’s field is utilized to cause thi 
inal deflection (in an aircraft orientation device 


sing’ the jet to strike a particular segment. A parti 
ir motor starts up and the operating mechanism 
uinteracts this deflection by moving the tube until the 
t is again centered. 
British patent 865.073 shows a cathode-ray tubs 
eely suspended as a pendulum. The relative angular 
lisplacement of the jet from the axis of the tube. as for 
stance due to the earth’s field, may be used to indicate 
inclination of this field. This application, too, was 


rt ularly de veloped ror aircrait use. 


RADIO DIRECTION FINDERS 
For both marine and aviation applications, a direct 
ding radio direction finder has the advantage that it 
liminates manual operations. The rotation of loops w hile 
bserving relative signal intensities is avoided. Consider- 


ble work has been reported on this system by several 


research organizations in Great Britain and elsewhere. 


Barly expr rimenters tried large loops connected to th 
leflection system without amplification, but the results 


were reporte d unsatisfactory except for powe rful signals. 


[In another arrangement two similar loops are perma 


uM t U. S. Patent No. 2 
p Nin Q 
\ \\ | ( fe) R I 
y’s Stat erv Office, Londor 
¢. J Shar 1) t Dir A 
Wav t ’ , \ 
) 2) h D 
\ 
) ( P ¢ ( ry s of Atr 
I r \ 
1 
| a“ Meas F ) the D tiona 8) of 
’ , Ty oti? R } , , Vo 


Munro & Huxley. Observations with a Cathode-ray Direction Fi 


’ ut } tr Enoaineers. Vol. 71, 1932. pages 488-496 
Watt x Herd Instantaneous Direct-reading Radiogoniometer 
Ostrolenk. Cathode-ray Compass. Electronics, Vol. 9, Aug. 193¢ 


nently mounted on the eraft at right angles to 


ot he Fa Each loop is connecte d throu 1m iteln d amplit 
to the two sets of deflection plate s in a cathode-ray tube 


See Fig. 3. The tuning of both unplifiers is accomplished 





with a single contro Che diagram appearing on the 
Res h, 
ii] > Fig 
>< WN. 
lly WO} _ 
he WS 7 
| 
UMS || 
PRS 
Scr. 
x + 
] ~~ 
my | | tN 
Vs 
el 
ae = 
| | AMPLIFIER | | 
++ ot 
} ‘ f — a | 
| | AMPLIFIER 2 
te ss | 
screen is thi esuitant of signa nte ! 
pears as a line which mav be interpreted as dire 
Or if desired the irdinal pomnts Ot tie op 
painted on the screen direct. The defl ion vy tak 
place il eithe r a radio rrequency yo oan aud I se ney 
is far as theory is coneerned. The amplifiers. how 
must be identical to prevent both variations i 
tive gain, and must be even more stable as to ¢ ng 


LIGHT MODULATOR 


A cathode-rav tube can be idapted n several ways t 
































Serve as a light wave val\ Che norma nethod 5 to 
deflect thre jet back ind torth ross f scre Nn wi 
is made opaque except for a small slit parallel with th 
line ol deflection In some cases if 1s desirable to us i 
line of light instead of a spot. bv the ipplic ition otf al 
ultrasonic Treque ney » EF ilternat set of deflection 
plates 

In tubes equipped with a modulation grid the problen 
Is simpler because the oh nsity il ! a 
directly bv varving the bias voltag 

Le Fil Y 

—a C2 — 

es 

Fig. 4 
Other methods, however. are possible. I hye fe 


t Wehnelt evlinder as a focusing agent, a fine jet can 
be directed at the orifice in the anode A small magnet 
control field, applied between the anode and cathode, 
will divert this jet so that it no longer strikes the opening 
in the anode. 

A special tubs constructed for the author utilized a 
split Wehnelt focus evlind r, made up of two semi 
evlindrical plates with separate leads through the stem. 


See Fig. 4. If the same. bias pote ntial was p! iced on 
both halves, this cylinder focused the jet in usual way, 
but if the potential on one of the halves was iltered 


1! 


slightly the direction of the jet was diverted to partially 


yr complete lv miss the anode orifice. Potential variations 
from a microphone without amplification were s ifficient 


to modulate the stream. 
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UNDS, NOISES AND VIBRATIONS 





. tion of i few of the commoner 
ithode-ray equipment to sounds, noises 
on] lesigned to call attention to 
! plarv selection ither than a 
, | ft Screntific ests 
1 t | vigor wi which suc in 
. sounds ive been studied has 
> In many fe ds of art and 
i\ Hea nN rougi mourt bv 
y methods. A certain Stradivarius 
i\ t d . paragon ol lit 
+ t ears 1 om Clans way 
! i If so, why \ppa ntly t 
, ngs Ing ti holds. for { 
. ton iAalVSIS Soa SUM record 
i tudyv and impro nent of Shen 
t yn Xan ple I scill wraply co 
s. Thre quipment ana re iods to 
al n stigatior i} sin ple, Consist 
y | \ rophone and ar unplifier 
! soand ? th mn rd Hecti nN 
erg ny ) ind mot interested in 
rt d 5 Noses ind Vibrations 
ned t I NY ino dmportant bi inch of 
ition ney ring is closely associated 
doin con mm will rt r specialties 
niq I iny ther fields in 
I soi ) irchitectural nechanica 
1 s HOSIEAL SCLENCES 
Vii¢ I'l ‘ i ! \l Ac ot STICS 
5 i inly concerned W ! 
S isured bv det ining the d i\ 
) nad n | fensi \ od iway il 
oved, In other words, it is a measure 
! ent of the sound wave Fig. | I his 
»\ judg wf d i yy ir and Dy STO} 
id t | req d th ! isurel n | 
ey it defin ntervals nethod o 
MIS contil OUS t*¢ mrad on ink Ost 
vVantag sim ot t nad nplitude 
y delineated and compared. Reverbera 
s wit lie I yt th tone: standing 
luced by wall reflections, and a numbet 
mnplicat he tests. so it in many 
wrap ) ! s no nly in advantag 
od ) st ectrica ! ins for both 
ton nd picking up and unplitving it 
v pr . sed the lecay joe riod is de 
t mt screen. In common with = th 
o r phenomena in ot r fields in 
nt th I q nev of t linear time bas 
‘ me-tenth t the lriving one ire 
Y latter is fixed ton whereupon 
! n OF Waves, ten cveles apart ire 
s that the ratio of heights of eveles 
n val can be directly measured 
rogenous s nd is sed for the test in 
v t tT ts of reflection patterns, no 
“ n noticed which ean | meas 
} d ng 1 { rd In his case Ihe im 
CK 1 ca‘ finite rate so as » Dre ik ~) 
n nto gy Ss OT D lses by thre ipplic i 
rnating rren La suitable Preque ney ind 
grid bias cire oft on if the tubes 
oO 
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Knowles 
their prod 
toward sy 
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side the oscillograph, no 


ror hos 


SU¢ 
sie 
inpliher 
tan iS al 
Main reas 


s that the 
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nees can 
stantaneot 
so that th 





MUs AND SPEECH 


] 
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peculiarities Of musical tor 


lee of thre 
ction has been greatly augmented by 
sounds, i part 


nthesizing well-known 


yy 


1 
ot oscillographic studies in wave-{ 
] 


IMUSUAL ¢ 


qulpmen IS 


tudies. other than i Suitable iit roph 
Che method is becoming particularly 
1 id j inct to traming the singing vou 
m for using a visual delineation of voi 


innot hear his own voice ex 


stude nt ¢ 


1 by others. Various idjustments ot t 
ch produce ditferent tone values such d 
be shown with sufficient exactitude by 
is visual de nonstration in tront of thre 


e pictures can lye compared with stand 


desired osc illograms 


Investigations of violins may be concerned wit] 
4 . | 
OT string’s, correct thickness ind placement Oot the 
ind sound post, the bow and its operation and 
ther factors. The correct tec hnique ot bowing 
simulated by tutomatic bowing devices if conti 
tests are required instead of manual bowing whi 
Var nough to blua the results on the sereen 
| a | 
Another application in the musical field is in 
ine , a. ae = 
curat ining Of musical mstruments mS ! 
, ' 
strings in exact harmonic relation or, where two « 
parallel strings are ined to the same note. in oe 
] | 
ich tuned to exact resonance wit he others 
| “se ] C. socavintveia tl , 
In thie Critica AIVSIS OF Husicat OneES 
] +i] | 
spectrum survev has beet frequently ilized. Wh 
I 
: — | +} } hast wets 
eq Ipinen isso. i (il Wi SUCH 1 5 Is iti 
can sually be issembled fron ipparal S ava 
it irket Kach sing one under tes S et ) 
with a locally generated frequency having 
hat a resultant (sum) frequency of, say, 20,000 
Ss obtained. This combined frequency can t nt 











» 20,000-evcle band-pass filter having extremely 


teristics, and amplified and measured. 


naract 
ing a tone of 256 eveles is being analyzed, if a 
of 512 eveles is present it would thus produce 
nation frequency of 20.256 cycles which would 
ss through the filter. However, if the heterodyne 


vy was changed to 19.488 eveles, harmon 


would be passed for subsequent amplification and 


ment, 

retore, by altering the heterodyne note over the 
from zero to 20,000 eveles, all harmonics are 
ely “expose d” to the recording apparatus. ‘These 
ney excursions of the local oscillator can be pro 
by a motor-driven beat-frequency oscillator of th 
type. Its scale can be calibrated according to the 
ence frequency—that is, the filter pass frequency 
the frequency delivered at each setting. 


is method utilizes a cathode-ray oscillograph to 


w the complete spectrum. The linear time base mus 
lriven at the thre 


itor in the oscillator. A potentiometric arrangement 


Same speed as frequency control 


he same shaft can be used because the speed Is 
tively low. (See Fig. 27, March 1936 issue. 
Phe various distances along the horizontal axis are 


ropriately to the difference fre 


neies. The vertical deflections are produced by ampli 


marked according 


ng the potentials passed by the filter.” In) certain 
sa logarithmic amplifier is used for this where the 
put potentials bear a logarithmic relation with the 


that vertical deflections can be designated in 


it so 


| ) 
ibels, 


\nother variation which assists in the analysis of the 


illograms requires a specially tapered potentiometer 


the horizontal some similar arrangement. 


hat each octave is alloted the same horizontal space. 


Sweet p or 


same as on a piano kev board See page 78, March 
O30 issue 
MATERIALS TESTING BY ACOUSTIC METHODS 
Che determination of non-homogeneity of magnetic 


iterials been outlined in a section de 


has previous 
ribing methods whereby fissures or other irregularities 
n be located. to make 


ilar checks in non-magnetic materials by using sound 


In some cases it is possible 


ives. The principle is to introduce cither transverse or 
mgitudinal vibrations in the material. On either side of 
which may 
piezoelectric units or phonograph heads) are located 
re liably actuated ly thre 
in elliptical diagram results when those potentials 


applied to the deflection 


e point of application two pick-up devices 


is to be vibrations. A linear 


mplitied if ire 


necessary 


stem, dep nding upon their relative distance from the 
irece measured in parts ot | Wave lengt] ot thre 
uund). As the material is moved past this triple unit. 


ny change in the phase difference due to possible cracks 


mes visible as a change in the shape of the ellipss 
For other items an oscillogram of the sound wave fre 
ency, and its decrement resulting from a blow with a 


mer, will indicate abnormal conditions in temper. 
inogeneity, shape, ete. An example of this test deals 
th checking marine or aircraft propellers. In such ap 
cations a linear time base is preferable because thie 
rement curve is directly reproduced, 

GEOPHYSICAL PROSPECTING 
Che same type of test. carried out on a much greater 


ile. is effectively applied in the normal procedure ot 


some geophysical xplorations generally 


erated by setting off an explosive chara ine pick 
A I 


a. one or more recelving tions and are re 


Here t choes 


posi 


lographically 


ed 


from strata of ditferer haracte StICS in sed 
measure the de pthis tt S vers t ne t val 
of the transit tin of sound way . and 1 SOn 
the decrement of thos waves. The dep ybtained 
triangulation 

The technique sed in these geophvs ipp 


tions Is larg ly t hie mIitcome ol prin }) S 
connection with marine survevs during the wa \] 


tests such as submarine s 


submarine ind alreratt detection. direct 


+ ° ] ] 
CUlC.. ae based On Sar pV Tp ote 5. 


tervening medium: water. irth or air. While mi 

the work done tlong thes lines) was rccomplish 
, ' , 

using aural detection methods combined with 1 


type s ot ph ise Colmpens ition devices. nevertheless 


CASES thre 


amplitude . time 


Wave trains must be accurately analyzed. Hem 


oscillographic methods have a distinet advantage 


VIBRATION ELIMINATION 


The Treque ney of the vibrational modes found i 
chinery is usually in the middle audio range, whic! 
mits common types of sound pick-ups to be used 


deflection tvpr mstruments can be irranged to 


such sound levels, it usually is desirable for bal 


purposes to use two pick-up devices so that the 


ot 


the ene ral 


vibration can be determined by phase studies 


technique in such a measurement 


same no matter what tvpe of object is under 


gation, still certain precautions must be observed 
} 


In some cases a single cve le of the movement occupies 
i relatively long duration——seconds or minutes Sucl 
example s are sometimes tound in determinations of wind 
strains on tall buildings, performance of low-speed ain 
compressors, and the swaying of bridges. The applica 
tion of seismographic methods can be used to advantage 
here. Since piezoelectric devices are usually not entirely 
satisfactory at such frequencies see Fig. 8. June 1936 
irticle and the usual tvpe ol iudio mi rophone may no 
bye in better. it mat be found advantageous to use ig 
netic devices An excellent irrangement is a. suitable 
pendulum or a massive weight so balanced as to | 
the desired freedom in the plan of vibration, t wl 
it attached an arm which swings a sma ) irr 
ilternating current. On either side of this wo fixed 
coils are mounted so as to pick up the field of t first 
movabl coil. If thre coils ire Conn ected 1 SCrIes op 
posing, the resultant potential is zero as lon : 
center coil is: stationary Any noverment rf Weg 
will upset this balance and an alternatin: rent w 
re sult which will Pass through il} inp! { l d 
nary type. The principle used in ign pal 
| i... Os Feb. 1937 can be used if one I a 
Iree TO mMoOVve by re son of th ration 1e'} ! og 
tion 
At the other extreme super iudible vibrations Supe 
SOT sounds ire HDecomMmmnMngse Mcreasingiy mportant I 
many processes \ ca de ray Os myrayp }) it 
iset visual indicator of both Ireq nev and amplitude 
since Ss equally effective at all tr quencies A piez 
bectri Init specially designed for the freq \ nder 
test can he ised iS thre picl ) nit / ‘ 
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FEBRUARY PROBLEM (No. 4) 
Water Hammer Pressure Gage 


‘Device other than costly oscillograph 
to register shock pressure in a 12” line 
when the 12” valve is closed suddenly. 
Gravity flow; normal pressure at point of 


measurement 4 Ibs.) 1n.°. 


“5 PRIZE DISCUSSION 
| RICHARD LANKES 


~ ‘ ‘ “ ‘ ire peak proba 


igh ilue and vet 


ere riche e it must 
cle he di naturally means 
Lyne i corresp ding|y 
‘ i mT t 
‘ re ittered 

e time element involved is not 
period, | believe a cardia 
I ed by ( ned could 
be read idapted tor the purpose or, at 
hae rinciple muigt bye utilized, 
eny eping the mount of equipment 

ered t mini 
2 Phat the lue of the use of the 
yrap realized 1 ipparent in 
iterment ot thre problem It the 
nerti of me nical linkages, ete., ob 
pate Use, e come back to con 
‘deri e oscillograph principle. [be 
‘ r ty used while Keeping the 
ed ment d expense down fairly well 
Law 





















Osc uo OPE 
Uneer 
“ Paoroaagy 
a * Fim on PAPER 
l le levice could be some type 
{ it ele microphone ivailable 
vibration pickup” or 
‘ icrophone” ind it i 
‘ ‘ ‘ properly coupled to or 
built into the svstem. Inexpensive ampli 
re ileatole t the radio supply 
e could be used in cor 
l e micro mre Ihe I 
‘ mpliher co asthe used to 
Tr ‘ ri ISCHILOSK e unit 
( mimnerela ly val ble 
] ( ete nad il ize. One 
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S5 PRIZE DISCUSSION 
By H. J. WILMARTH 


Betore proceeding Lo methods, { 
pretator remarks may be iluable 
lirst ter mmer j seldom a. single 
smoot MreSSLUTE surye ly ess thre iain 
valve i hunted th just the right by 

Vibrations are set up hich travel 

es in the piping, reflected partially 
every bend and hanger, until the pre 
ure pattern in time and space is ex 


though the 


destruction is the resultant of very many 


tremely complex Second, 


factors, it is more nearly proportional to 


| 


thre Imipact or impulse, the product ot 
yressure and time, than it is to the pe ik 
ressure 

Lhe simplest possible instrument for 
tudyving water hammer is L capill ry jet, 
drawn from glass or selected) from 


phvsician’s set of hypodermic needles ind 
cut down to fit, set horizontally in the 
ide of the pipe \ horizontal board 

te\ inches below it completes the ippa 
ratus. ‘The water will squirt to a maxi 
mum distance along the board propor 


4 


tional to the maximum pressure, to a 


first 


ipproximation, and the total volume 
squirted will be proportional to the im 
pact. If just any jet is used, the results 
will be crude, but if the jet is selected 
by some such ealibration scheme as that 
viven below, quite passable curacy 1s 
possible 
lo calibrate, take out the jet after a 
few trials and connect it to a source of 
iter under pressure, measuring both 
the rate of flow and the distance squirted 
function of the water pressure up 
Oo and somewhat 2) to 30 percent 


beyond the peak pressure during the 
iter hammer, as taken by its squirting 


distance It the rate of flo IS propor 
tional to the pressure all the way up, 


} 


then the impact and peak pressures as 


read for the iter hammer from the cal 


ibration curves are quite iccurate. If the 


rate of flo Is not proportional to the 

pressure, choose 1 finer, shorter jet 
Phere ire three things to wateh: (1) 

the jets must be smooth inside, with 





flaring entrance and thin 
other end; (2) the flow throug 
changes about 4% for « ich degre 
rade change in the water tenn 
a) measuring the rate of 
end of the jet must not be unde 
but free in the air (this is espe 
portant in the measurement 

} 


It may also be ne 
oft 


iter hammer) 


tO Usé i little loose yhug 


| 
to keep dirt and bubbles 


SS PRIZE DISCUSSION 
By JAMES S. ALLEN 


The shock pressure in a 12 
l 1? valve Is closed suddenly 
measured with the 
the diagram \ 


bellows is connected to a light 


ipparatus 
flexible metal 
By means of an adjustable spri 
pointer may be set at the zero 
scale for any initial pressure. Sir 
moving parts are light, the press 
will follow the pressure wave 
gage has been properly calibrate 
reading will give the peak pre 


wena 







eprint 
\ 


-—e- = 


I"Metal ; 


/ Sylbren 
Gate biased J 


valve Bellows 








If continuous readings are ce 
moving tape may be substituted f 


1 pen point added 


scale ind 
pointer, A) pressure wave wil 
indicated by a sudden peak in the 
on the moving t pe 


Eprror’s Nor 


not be home-made; it 


Such iL device 
IS COTLIILN 
ivailable as an indicator or as a rec 
Ihe indicator should be maximus 
tering, because of the difficulty of 
ing by eye the maximum excur 
the pointer. This) maximum ex 
would be greater for a sho 
than tor a static pressure of eq 
Professor Allen’s “solution” is inc 
in this respect but e accept it 


“discussion 








Problem No. 6 


Subject Index 2.! 


SPEED-TORQUE AUTOGRAPHS 


“We manufacture a large variety of fractional- and integral-ho: 


power motors, and have to have speed-torque curves on each ni 


design. It is difficult to obtain the ‘unstable’ portion of the spe« 


torque curve on a dynamometer, by reason of heating of the mot 


rotor. Moreover, the familiar methods employing recording inst 


ments require calculations from two or more simultaneous recor 
speed and torque; time and known inertia of disk; etc. What 


require is a method whereby each curve will be drawn directly o1 


rectangular chart, of which the coordinates are speed and torqu 


Five dollars will be paid for every solution (or critical discussion clearly p< 
ing the way to a solution) which is accepted for publication. Address Inst 
mentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Type double-space 
one side of paper. Draw diagram in black ink on separate sheet. Mail bef 
May 1!5. Solutions and discussions accepted will appear in June 1927 is: 
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PANPHOT 





the UNIVERSAL 
EQUIPMENT 


for MICROSCOPIC 
RESEARCH 


nany features 


Equally convenient for visual 


servation and phot icrograph 


Equipped with mirror retlex 





facilitate alignn i focusi 
tor photography 
Can be used also for micro-proje 


t10n, drawing and photo-microgra 


phy in transmitted or reflected lig 


The Leitz PANPHOT cat 
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RAWSON 
Two-microampere Meter 








with 
Five-inch scale and double pivot 
spring control movement 


RAWSON Electrical Instrument Co. 
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New York . 
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“SPOTLIGHT” 


alvanometers 





Rubi Spotlight Galvanometers are sturdy 
self-contained instruments of high intrinsic sensi 
By causing the spot of light to be re 


torth a number of umes we 





imncrease Im Sensitivity 


ter of other makes 
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DIFFERENT SIZE GAGES CAN 
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SET No. 2 
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Chicago 
Users of Birtman Automatic 
Irons may select the degree 
of heat best suited to the 
work at hand, and such iron 
heat is then automatically 
maintained by the Birtman 


thermostat. This thermostat 


automatic action at given 
temperatures, then 
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dependable and fool-proof. 


W. M. CHACE CO. 


1609 Beard Avenue - - - Detroit Mich. 
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handiest possible 
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electric and elec- 
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O rapid has been the progress of automat 


the field for mprovement now r mp 7 r 
source of regulat on—the mpuls from which ¢ gula 
For example, many of the present method nploy tt 
measurement of oil and viscous fluid flow a to th 
disadvantages: 

@ inaccuracy caused by chang n t 

ture and specific gravity 

@ Clogged mpulse lines 

@ Frequent cleaning of protective sea 
In the Transometer we have overcome these faults. | t 
operation the rotation-rate of a positive dispiacement met 


is transmitted toa fly-ball governor which positions 


jet pipe so that it develops an air pressure impulse jire 
proportionate to the liquid flow) which may be us 


Askania Ratio Regulator 


This method of translating oil flow into a proportiona ' 
‘ P 
pressure is not affected by viscosity as orif mpu ‘ 
Control is accurate—troubles are eliminated 
@ Askania Requlation vers } phases f t 
industries—automati ombustior at furnace pres re 
be proportioning air and any fue Saat ; = 
measurable process in stee hemical. gas and powe 
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Chis Viewing Apparatus is designed to 
measure the dilatations accompanying the 
setting of cements and dental material or, 





in conjunction with temperature control 
equipment, to accurately determine 
| thermal coefficients, and critical points in 


solids. 
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THIS SPEED 


REGULATOR 


is compact and stays cool 


Che well planned arrangement permits circulation of 
air around resistance elements to disperse the generated 
heat. The Ward Leonard Speed Regulator, therefore, in 
spite of its compact design, will operate continuously at 
lowest speed without overheating. It is the ideal control 
for fan and machin« 
duty, especially 
where it must be 
built into the equip 
ment. 


BULLETIN N 
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BULLETIN N 
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